In a large group of young (n = 194) and elderly (n = 148) healthy subjects, we explored the relationship between ambulatory blood pressure (BP) levels, within-subject BP variability, and age in men and women. The questions asked were: Do elderly subjects display higher BP levels and variability compared to a young group? Are there gender differences in BP level and variability? Are these gender differences similar in the young and the elderly subjects? Do age or gender influence BP in a similar way during waking and during sleep? Subjects wore an ambulatory BP monitor (Accutracker II) for 24 h.
Introduction
Aging has generally been associated with elevated casual systolic blood pressure (SBP) and diastolic blood pressure (DBP) and with decreased heart rate (HR). General population norms indicate that BP is about 24/10 mm Hg higher for individuals between 55-74 years of age than for a younger group (18-24 years) . 1 On the other hand, studies investigating the relationship between age and ambulatory BP have yielded conflicting findings, ranging from no change in BP to moderately higher BP as a function of age. [2] [3] [4] [5] [6] [7] The relationship between gender and age-related BP changes is unclear, as most studies do not report on the association between these variables. In a meta-analysis of 23 ambulatory studies including subjects between the ages of 17-80, Staessen and colleagues 8 reported that SBP increases on the average 2.8 mm Hg per decade in women, but only 0.2 mm Hg per decade in men, whereas DBP increases 1.1 mm Hg per decade in both men and women. These numbers suggest that age-related increases in ambulatory BP are less than those found for casual BP and of a different magnitude for men and women.
In studies of BP using intra-arterial and non-invasive ambulatory monitoring techniques, older hypertensive and normotensive subjects have been found to display greater variability for BP and decreased Individual levels and variability (standard deviations) were calculated for periods when subjects were awake and during sleep. Systolic BP was higher in the elderly women than in the young group. In comparison to the young subjects, both elderly men and women had higher diastolic BP. BP variability while subjects were awake was higher in the elderly, in women in particular. The higher levels of BP variability found in the elderly women may indicate relatively higher risk for end-organ damage, such as silent cerebrovascular damage.
variability for HR than younger subjects. 6, [9] [10] [11] [12] However, Veerman and colleagues 13 reported no change in BP variability with aging. It is thought that the age-related changes in variability are associated with alterations in the baroreflex and sympathetic/ parasympathetic control of the cardiovascular system. 11 BP variability has been found to be an independent risk factor for cardiovascular morbidity 14 and the rate and severity of target-organ damage. 15, 16 However, since gender differences have generally been ignored, it is not known if the changes in BP and HR variability occur in both men and women as they age.
In the present study, we explored the relationship between ambulatory BP levels, short-term BP variability, and age in a large group of young and elderly men and women. The following questions were asked: (1) Do elderly subjects display higher BP levels and variability compared to a young group? (2) Are there gender differences in BP level and variability? (3) Are these gender differences similar in the young and the elderly subjects? (4) Do age or gender influence BP in a similar way during waking and during sleep?
Materials and methods

Subjects
The data of two studies were used (see Table 1 for characteristics of subjects). The first study had been conducted to investigate the influence of personality measures, mood ratings, ethnicity, and gender on ambulatory BP and heart rate. These data are presented elsewhere. 17, 18 Subjects were 194 healthy college students (96 women, 98 men; ages 18-33 years). They reported themselves in excellent health, without a history of serious medical conditions, and were not taking any medications that affected the cardiovascular system. The total sample included 58 African-Americans, 54 Asian-Americans, and 85 Caucasians. Only six subjects were smokers. Elevations in casual BP were restricted to a small percent of the sample: nine subjects had stage 1 (mild) hypertension [140-153/59-96 mm Hg]. 19 Average casual BP was 113.5 ± 12.5/67.5 ± 8.0 mm Hg and casual HR was 68.6 ± 10.3 beats/min.
A second study had been conducted to investigate the relationship between ambulatory BP and cognitive function in elderly people. 20 Subjects included 148 elderly subjects (84 women, 64 men; ages 55-79 years) initially screened for any of the following exclusion criteria: heart disease, stroke or transient ischaemic attack, diabetes, neurological problems, mental problems such as depression, use of medication (other than hormone replacement and cholesterol lowering medication), drug or alcohol abuse. To verify their good health, subjects underwent a complete physical examination, including blood and urine tests and a resting electrocardiogram. They included 12 African-Americans, 20 AsianAmericans, 114 Caucasians, and two Hispanics. All elderly subjects resided in their own homes and were still active physically and socially. Ninety-six subjects were retired, 52 employed full-time. There were five smokers. Elevations in casual BP were restricted to a small percent of the sample: two subjects displayed systolic hypertension [ 19 Average casual BP was 128.9 ± 18.0/75.4 ± 9.5 mm Hg and casual HR was 66.7 ± 7.9 beats/min. Written informed consent was obtained from all participants.
In the present report, the data from study 1 (young group) and study 2 (older group) were used in the analyses. Both study protocols were approved by the Human Subjects Protection Committee. Subjects were paid for their participation.
Methods
The same procedures were used in both samples. Subjects were studied on a week day. After subjects sat quietly for 5 min in the laboratory, three casual BP and HR measurements were taken according to standard assessments. 19 The subject was then fitted with an ambulatory BP monitor. After the cuff was placed on the non-dominant arm, three contralateral-arm measurements were taken manually using a mercury sphygmomanometer concurrent with the monitor's inflations to ensure proper calibration of the ambulatory monitor. The measurements had to be within 5 mm Hg to be deemed acceptable. Subjects were instructed to hold their arm still during each inflation, to refrain from taking a bath or shower, and not to engage in heavy exercise. The monitor was programmed to operate on a random schedule three times per hour (every 20 min ± 5 min) while subjects were awake and once per hour during sleep (every 60 min ± 5 min); the latter was based on the subjects's estimate of time of going to sleep and awakening. Subjects were instructed to fill out a diary each time the monitor operated during waking. Approximately 24 h later the monitor was removed and diaries were checked for readability and completeness. Based on the diary entries and post-session interviews, the actual time of wake and sleep was used to categorise each BP reading as 'Wake' or 'Sleep'. Only night-time values were used in the analyses of sleep data. Twenty-four subjects out of 342 went to bed earlier or later than anticipated (see Data analysis section).
Ambulatory monitor
The Accutracker II (Suntech Medical Instruments Inc, Raleigh, NC, USA) was used for 24-h ambulatory BP and HR monitoring. It has been evaluated against intra-arterial and standard clinical techniques and has been found to provide a reliable and valid index of BP. 21, 22 A more complete description of the mode of operation of the ambulatory monitor and the specific settings used has been reported previously. 23 Readings associated with error codes (eg, erratic heart beats or insufficient Korotkoff sounds) were deleted. 
Data analysis
For each subject, means and standard deviations were calculated for wake and sleep periods. These means and standard deviations were used in repeated measures analyses of covariance using Age (elderly, young) × Gender (male, female) × Wake/Sleep. Body mass index (BMI) was the covariate. Although several other demographic variables (alcohol and caffeine consumption, years of education, and amount of exercise) were significantly different between the two groups (Table 1) , correlation coefficients indicated that none of them were related to the outcome variables and were therefore not used in the analyses. To ensure that the different race composition of the two groups did not influence the outcome of the study, all analyses were also performed using Caucasians only and then Caucasians and Asian-American subjects only. The pattern of results were not significantly altered, indicating that race did not affect the results. All subjects were included in the final analyses.
Also, 135 subjects had gaps in data of more than 65 min during their sleep time due to bad data or changes in their anticipated sleep times. The time frame of 65 min was chosen as the random schedule of the BP monitor and was 60 ± 5 min for the night (see Methods). There were 34 subjects who had gaps in daytime data of more than 60 min due to bad data or changes in their sleep schedules. On average subjects had 1.4 gaps of 60 min or more (169 subjects). All analyses were performed first without these subjects, as it has been shown that BP variability in particular could be skewed by time intervals of 1 h or more. 24 Results remained unaffected, means were remarkably unchanged and all subjects were therefore included in the final analyses. A P-value smaller than 0.05 was considered significant.
Results
Age SBP (P Ͻ 0.05) and DBP levels (P Ͻ 0.001) were significantly higher in the elderly group compared to the young subjects (Figure 1 ). For SBP, the differences were 3.0 mm Hg during waking and 2.2 mm Hg during sleep; for DBP the differences were 4.8 and 4.9 mm Hg respectively. HR (P Ͻ 0.001) was significantly higher in the young group (awake 80.9 beats/min, sleep 64.6 beats/min) compared to the elderly group (awake 72.5 beats/min, sleep 61.5 beats/min).
Wake SBP and DBP variability (P Ͻ 0.001) were significantly higher in the elderly group by 2.2 and 1.4 mm Hg, primarily due to higher variability in older women (Figure 2 ). On the other hand, sleep SBP and DBP variability (P Ͻ 0.001) were lower in the elderly (by 1.3 and 1.8 mm Hg). The difference in variability between wake and sleep SBP and DBP was significant only in the elderly subjects (P Ͻ 0.001). Although the average HR variability was higher in the young group by 4.1 beats/min, the difference between waking and sleep values was significant only in the elderly group (P Ͻ 0.001). Table  2 gives an overview of the significant results outlined above.
Figure 1
Mean SBP and DBP levels while subjects were awake and during their sleep comparing elderly men and women to young subjects. Means were adjusted for BMI. SBP (P Ͻ 0.05) and DBP (P Ͻ 0.001) were higher in older group. Gender was significant in younger group only, for SBP (P Ͻ 0.001) and DBP (P Ͻ 0.01). SBP and DBP were higher when subjects were awake compared to sleep in both groups (P Ͻ 0.001).
Gender
SBP and DBP levels were lowest in the young women, while the other three groups were similar to one another (Figure 1 ). For SBP and DBP, there was a significant gender difference in the young group only. SBP levels obtained in young men were on the average 7.5 mm Hg higher than in young women (P Ͻ 0.001); the difference for DBP was 3.1 mm Hg (P Ͻ 0.01). Elderly women displayed the highest SBP and DBP variability levels (P Ͻ 0.01), while the other three groups did not differ significantly from one another (Figure 2) . Gender differences were significant in the elderly group for wake SBP and DBP variability (P Ͻ 0.05). Both the elderly and the young group displayed gender differences for HR level (P Ͻ 0.001) and HR variability (P Ͻ 0.05). HR levels were 69.4 ± 7.7 beats/min (elderly women), 64.7 ± 9.5 beats/min (elderly men), 76.1 ± 9.9 beats/min (young women), 69.4 ± 8.8 beats/min (young men). HR variability levels were 7.8 ± 3.2 beats/min (elderly women), 7.6 ± 2.9 beats/min (elderly men), 11.9 ± 4.4 beats/min (young women), 10.7 ± 3.9 beats/min (young men). ) while subjects were awake and during their sleep comparing elderly men and women to young subjects. Means were adjusted for BMI. SBP and DBP variability while awake was higher in older group (P Ͻ 0.001). Sleep variability was lower in older group (P Ͻ 0.001). The difference between wake and sleep variability was significant in the older group (P Ͻ 0.001). Gender was significant in the older group for variability while awake (P Ͻ 0.05). Variability was higher when subjects were awake compared to sleep in the older group the only (P Ͻ 0.001).
Wake/Sleep
Mean SBP, DBP and HR were elevated while subjects were awake compared to sleep values (P Ͻ 0.001; Figure 1 ). The differences were 15.7 mm Hg, 12.1 mm Hg, and 14.0 beats/min, respectively. SBP, DBP, and HR variability were significantly higher during waking compared to sleep in the elderly group (P Ͻ 0.001), whereas in the young group wake and sleep variability were comparable (Figure 2 ). Sleep variability in the elderly was decreased by 1.3 mm Hg for SBP (P Ͻ 0.001), by 3.2 mm Hg for DBP (P Ͻ 0.001), and by 5.2 beats/min (P Ͻ 0.001) for HR.
Discussion
While casual measurements have indicated that BP increases with age, results derived from ambulatory monitoring have been mixed. Staessen and colleagues 8 reported that SBP increased in women, but did not necessarily change with age in men. DBP, on the other hand, increased with age at a similar rate for men and women. Although the present study confirmed these findings for DBP, the agerelated differences in SBP were more modest. Elderly men displayed similar SBP levels as the young men, while elderly women had significantly higher SBP levels than the young women. Men and women in the elderly group had similar SBP. Staessen and colleagues 8 reported that SBP increased an average of 2.8 mm Hg per decade in women and 0.2 mm Hg for men. Following this estimate, the increase in SBP in this group of women should be approximately 12-13 mm Hg. The difference in SBP between the young and elderly women was 7 mm Hg when subjects were awake and 5 mm Hg during their sleep, roughly half the expected increase. A comparison of ambulatory BP values for subjects between the ages of 17-29 years reveals similar levels as the young group in the present study. 4 It seems probable that the excellent health status and health habits, such as regular exercise, practiced by the elderly group influenced age-related changes in BP, thus accounting for a smaller increase in BP in elderly women. These results seem to indicate that when people are free of health problems, age is less likely to be associated with an increase in BP.
Age has been associated with increased BP variability. Increased BP variability and an extreme drop or no drop in BP during sleep have been found to be risk factors for the rate and severity of target-organ damage. 16, 25 In the present study, elderly subjects were found to display increased BP variability only during the time they were awake. Elderly women in particular displayed the highest levels of variability for SBP and DBP. In the younger group, gender dif-ferences were not apparent and BP variability differed little between wake and sleep. The drop in BP variability during sleep in the older group was unexpected. The maximum BP levels during sleep were comparable in both groups and these values presumably represented the time when subjects were just falling asleep and their BP was still relatively high. The minimum BP values during sleep was significantly lower in the younger group possibly indicating that their sleep was more sound. 26 Therefore, the lower BP variability found in the elderly group seemed to point to a smaller range of BP values, possibly indicative of a somewhat less restful sleep. The higher BP variability in the elderly women may suggest a relatively higher risk for end-organ damage, such as silent cerebrovascular damage. 15, 16 Cognitive deficits have been found to be associated with high BP variability in a group of elderly normotensive subjects. 20 In the present study, the fact that these subjects were in good health and had low levels of BP relative to the young subjects, but nonetheless displayed a much greater variability raises the question about appropriate risk prevention measures for end-organ damage in the elderly, in particular women.
